In this paper, the general stream function solution of the Brinkman equation in the cylindrical polar coordinates   ,, rz  embedded in a homogeneous porous medium is investigated. Also, it concerns with the behaviour of fluid flow through porous medium of variable permeability confined within two coaxial cylinders which are rotating about their common axis of the cylinders and they are also moving parallel to the axis of the cylinders with different velocities. The expressions for velocity profile and flow rate are obtained. For different values of parameters velocity profiles and flow rate are discussed graphically.
Introduction
The fluid flow through porous media has been a topic of longstanding interest for researchers from last five decades, due to its numerous applications in bio-mechanics, physical sciences, chemical engineering, and industries etc. Several conceptual models have been developed for describing fluid flow in porous media. Several other models for fluid flow through porous medium are given in the classical book entitled 'Convections in Porous Media' by Neild and 22 Satya Deo et al.
Bejan [4] . Henri Darcy (1857) proposed an empirical law which states that the rate of flow is proportional to pressure drop through a densely packed bed of fine particles, is one of the basic model that has been used extensively in the literature. The Darcy's law for fluid flow through porous media, mathematically can be expressed by the equation,
During nineteenth century after the Darcy's work, flow through porous media has been simulated by questions arising in practical problems. Brinkman [5] proposed a modification of the Darcy's law for a porous medium which was assumed to be governed by a swarm of homogeneous spherical particles and provides an expression like 2 , e p k        vv (2) where, e  denotes the effective viscosity of porous medium, k is the permeability of a swarm of porous medium,  is the viscosity of fluid, p is the pressure, and v is the velocity of fluid. For the medium of high porosity, the equation (2) suggested by Brinkman is more suitable for describing the flow through the porous medium. This equation is commonly known as Brinkman equation. Some exact stream function solutions for axisymmetric flow are given in the classical book entitled 'Low Reynolds number Hydrodynamics' by Happel and Brenner [7] . Pop and Cheng [6] studied the problem of the steady incompressible flow past a circular cylinder embedded in a constant porosity medium based on the Brinkman model. They have obtained a closed form exact solution for the governing equation, which leads to an expression for the separation parameter. Hackborn [13] tackled the problem of the steady two-dimensional Stokes flow stirred by an infinitesimal rotating cylinder in the annular region between two fixed concentric cylindrical walls. A series solution of the Stokes equation in the cylindrical polar coordinates is also reported.
Deo et al. [11] have studied the slow viscous flow through an aggregate of concentric clusters of porous cylindrical particles with Happel boundary condition. Hydrodynamic permeability of membranes built up by porous cylindrical or spherical particles with impermeable core is investigated by Deo and his collaborators [12] . Raman et al. [9] studied the flow of a Newtonian fluid passing through complex porous medium between two co-axial cylinders which are rotating about the axis of the flow and moving parallel to the axis of the cylinders with different velocities. Mishra and Panday [1] discussed the flow through random assemblage of porous cylindrical particles of radially varying permeability. Brinkman equation is used for formulation of flow through porous medium and their reported solution is not correct for a particular case. Also, they discussed the effect of various parameters on the permeability of swarm graphically. [2] studied the fully developed flow of a viscous fluid in a channel filled with porous medium of variable permeability under the transverse applied magnetic field. The effect of various parameters on the velocity profile and flow rate was presented graphically and discussed. The flow of an incompressible viscous fluid past a porous sphere in the presence of uniform appllied transverse magnetic field using particle-in-cell method was studied by Srivastava et al [3] .
Srivastava and Deo
In this paper, we discussed on the general solution of Brinkman equation in the cylindrical polar coordinates   ,, rz  . Also, we study the behavior of fluid flow through porous medium of variable permeability confined within two coaxial cylinders which are rotating slowly about their common axis of the flow and moving slowly parallel to the common axis of the cylinders with different velocities. The velocity profile and flow rate are discussed for different values of parameters analytically and graphically.
Mathematical Formulation and Solution
Consider a steady incompressible flow (with uniform velocityU perpendicular to the axis of cylinder) past a circular cylinder embedded in a homogeneous porous medium with uniform permeability. The equation of continuity for an axisymmetrical flow ( ( , ,0)
Let us consider the dimensionless variables (without tilde) as
where 0 r is the characteristic radius of the cylinder. 
Introducing stream function  in such a way that it satisfies the equation of continuity (5) . So, we may take 1 ,.
Expressing the Brinkman equation (2) 
where,
and  are the Laplacian operator and permeability parameter, respectively. If we put 2 ,     (8) then, equation (7) reduces to the form
Applying the method of separation of variables to solve equation (9), we obtained the general solution of equation (9) 
Let the particular solution of equation (11) 
and applying the method of variation of parameters, we get
Therefore, the general stream function solution of equation (7) is expressed in the form 
Flow through porous medium confined between two rotating and moving cylinders
Consider the problem of flow of Newtonian fluid flow (with velocity U ) through porous medium contained between two co-axial cylinders of radius a and b () ba  , which are rotating slowly about the axis of the cylinders and moving slowly parallel to the axis of the cylinders. Let us consider the cylindrical polar coordinates   z r, ,  in such a way that the z -axis lies along the common axis of the cylinders and r in the radial direction. Here, we have considered an axisymmetric, Stokes flow of a viscous incompressible fluid, so the physical quantities are independent of  due to symmetry of the flow, and they are independent of z as the cylinders are considered to be infinite in length.
We assume that the cylinders ( ra  and rb  , ba  ) are rotating with angular velocities 
with the boundary conditions
Also introducing the dimensionless variables
where  is the characteristic angular velocity. The quantities without tilde are dimensionless.
Taking the varying permeability 
 

Results and Discussion
The velocity profiles for rotational motion for different permeabilities are parabolic in nature. When the permeability increases (i.e. m decreases from equation (22)) then the velocity increases [ Figure -1 ] which shows that a thin layer is exists between two cylinders, where rotational velocity is minimum. From figure-2 and figure-3 , it is observed that when one of the two cylinders is not rotating, then the velocity profiles are reversed, i.e. the velocity is higher at the rotating cylinder and lower at the non-rotating cylinder. Figure- city is higher at the moving cylinder and lower at the non-moving cylinder. This also shows that as the value of  increases, velocity profile decreases. Figure-7 shows that the velocity profile for 2   is not parabolic in nature, hence 2   is singular point for velocity profile. Figure -8 shows that as the value of  decreases the volumetric flow rate increases. For 2   , figure-8 shows that the volumetric flow rate is low initially but after a point for some value of parameter l , its values increases very fast. It is observed that the velocity is higher at the rotating and moving cylinder than the velocity of the fluid at the cylinder which is having no rotation and no linear motion.
